Background: Acupotomy, which involves the addition of a scalpel function to the conventional acupuncture treatment, has recently been applied as a conservative treatment method for lumbar disc herniation (LDH). This study investigated the effectiveness and safety of acupotomy, compared to manual acupuncture, for the treatment of patients with LDH. Methods: A total of 146 patients diagnosed with LDH were randomly assigned to either the acupotomy group or the manual acupuncture group at a 1:1 ratio. Participants in both groups received four sessions of each intervention over 2 weeks. Outcome assessments based on the visual analog scale (VAS), Roland Morris Disability Questionnaire (RMDQ), Modified-Modified Schober Test (MMST), EuroQol Five Dimensions (EQ-5D), clinically important difference (CID), and patient global impression of change (PGIC) were conducted at baseline and at 2, 4, and 6 weeks post-randomization. Results: The acupotomy group showed significant improvement in VAS and MMST at 2, 4, and 6 weeks than did the manual acupuncture group. RMDQ was significantly different between the two groups at 2 and 6 weeks. In EQ-5D, there was no significant difference between the two groups. The proportion of patients with ≥15 mm decrease on the VAS (minimal CID) was significantly higher in the acupotomy group at weeks 2 and 4. Better improvement in the PGIC at week 4 was also observed in the acupotomy group. Postintervention muscle pain was reported, but there was no serious adverse event related to interventions. Conclusion: In this study, four sessions of acupotomy treatment were found to be effective in improving the pain intensity and range of motion of the lumbar region in patients with LDH. Despite post-treatment muscle pain, acupotomy treatment can be considered a preferred treatment method over manual acupuncture. Trial Registration: This trial has been registered 24 April 2018 in Clinical Research Information Service of South Korea (CRIS-KCT0002824). Keywords: acupotomy, manual acupuncture, lumbar disc herniation, pain intensity, range of motion Background Lumbar disc herniation (LDH) is caused by the protrusion or extrusion of the lumbar disc from its normal position for various reasons. As the herniated disc irritates the nerve roots, it causes back and/or leg pain, radiating pain, and paresthesia or weakness in the lower extremities. [1] [2] [3] Typically, surgery is considered when symptoms of cauda equina syndrome or progressive neurological deficit are observed or when there is no improvement despite conservative treatment. However, surgical treatment places a burden of concerns on these patients with LDH, which may include fears of postoperative failure syndrome.
Among the various conservative treatments that have been applied to treat LDH, [4] [5] [6] [7] [8] [9] acupuncture has recently gained traction. 10, 11 Acupotomy is a special type of acupuncture, which involves the addition of a scalpel function to the existing acupuncture needle. Since the tip of the acupotomy needle is a flat blade that can also function for synechotomy, the effects of both acupuncture and surgical treatment are expected from the procedure. 12, 13 Consequently, acupotomy treatment has been applied for various musculoskeletal diseases [14] [15] [16] [17] [18] [19] and some metabolic diseases such as lymphatic edema. 20 Although the effectiveness of acupotomy on LDH was suggested by several case reports and a pilot study, 13,21-23 a more extensive confirmatory study was needed to confirm the effectiveness and safety of acupotomy on LDH.
Therefore, we performed a multicenter, randomized, controlled, assessor-blinded, clinical trial to evaluate the effectiveness and safety of acupotomy treatment compared with manual acupuncture treatment.
Methods

Study Design and Participants
A total of 146 patients diagnosed with LDH were recruited in this study. Based on the results of the pilot study 4 and its clinical significance, we assumed that the mean difference (δ) between the changes in the visual analog scale (VAS) before and after treatment in each group was 15, and the standard deviation (σ) was 24.71 for confirming the effectiveness of acupotomy. After considering the significance level of 5% and the power of 90%, 58 subjects were included in each group in the 1:1 assignment of group allocation ratios. Considering the dropout rate of 20%, a total of 146 patients (73 per group) were eventually recruited. The complete process of sample size calculation is described in detail in the protocol paper. 24 Before data collection, in addition, all participants received a full explanation of this study's protocol and were provided a written explanation and informed consent form.
The inclusion criteria were: 1) patients aged between 19 and 70 years who were diagnosed with LDH and showed symptoms such as low back pain, radiating pain, and paresthesia or weakness in the lower extremities and 2) scored more than 30 mm on the VAS at the time of screening. The LDH diagnosis was based on both physical examination and medical imaging findings such as CT (Computed Tomography) or MRI (Magnetic Resonance Imaging). We excluded the participants who: 1) major spinal pathology such as spondylolisthesis, spondylolysis, compression fracture, neoplasm, and congenital abnormality; 2) had a hypersensitive reaction to previous acupuncture treatment; 3) had previous spinal surgery due to neurological deficits or cauda equine syndrome; 4) were suffering from pain in another region greater than that in the low back and/or lower extremities; 5) were using drugs to relieve the pain; 6) had participated in another clinical trial with interventions within the past 3 months; 7) had hemorrhagic or cardiovascular diseases or other factors, such as the use of anticoagulant or antiplatelet drugs, that could affect hemostasis; and 8) were considered unsuitable by the researchers.
Randomization and Blinding
Participants were randomly assigned to either the acupotomy group (n = 73; 48 in DUDKMH and 25 in DUCKMH) or the manual acupuncture group (n = 73; 48 in DUDKMH and 25 in DUCKMH). The random number table was generated by a statistician independent from this study. Based on the results of previous studies that suggested that women preferred Korean Medicine treatment to men and that they were better improved at pain and quality of life than men, stratified block randomization with gender as a strata factor was performed in order to reduce bias. 25 All subjects were given a detailed explanation of the study procedure.
Additionally, all researchers were divided into groups and placed in charge of the intervention procedure, outcome assessment, data management, and statistical analysis. As the intervention procedure was different between the two groups, it was impossible to blind the participants and intervention practitioners; however, outcome assessors and data managers were blinded to the allocation status of all the participants. Each intervention practitioner performed only one of the two interventions (either acupotomy or manual acupuncture) and was not involved in the outcome measurements.
Interventions
In the acupotomy group, a total of four acupotomy treatments were administered for 2 weeks using flat-head-screw-drivershaped, stainless steel, disposable and sterilized acupotomy needles (0.75 mm in diameter and 80 mm in length; DONGBANG Medical Co., Ltd., Chungcheongnam-do, Republic of Korea) ( Figure 1 ). The insertion points were set at the corresponding disc level based on the imaging findings; this was 20-30 mm away from the spinous process and to a depth of 50-60 mm. They could be inserted on one or both sides, according to the symptoms and appearances of the herniated lumbar disc on the image findings. After local sterilization with 10% betadine solution and skin anesthetization with Emla Cream 5% (AstraZeneca Korea, lidocaine and prilocaine, each 25mg/g), the needle was inserted, manipulated, and removed immediately.
In the manual acupuncture group, four manual acupuncture treatments were administered for 2 weeks using 0.25 mm × 40 mm, single-use, sterile, stainless steel needles (DONGBANG Medical Co., Ltd., Chungcheongnam-do, Republic of Korea). The manual acupuncture treatment was performed at GV3 and bilateral BL23, BL24, BL25, BL26, GB3, BL40, and BL60. 24 The depth of insertion was 20 mm for BL40 and BL60 and 30 mm for the other acupuncture points. The needles were removed after 15 mins.
Acetaminophen (SAMNAM Pharm. Co. Ltd., acetaminophen Tab. 500 mg) was administered to both groups as rescue medication. The details of the intervention and cointerventions have also been described in the protocol paper. 24 
Outcome Measures
The primary outcome was the mean changes in the VAS scores for low back and/or leg pain between the baseline and a follow-up visit at the 4th week (4 weeks postrandomization). The secondary outcome measures included the Korean version of the Roland Morris Disability Questionnaire (RMDQ), 26, 27 Modified-Modified Schöber Test (MMST), 28 EuroQol Five Dimensions questionnaire (EQ-5D), 29 minimal clinically important difference (CID), [30] [31] [32] [33] and patient global impression of change (PGIC). 34 All the above outcomes were measured at the baseline and at 2, 4, and 6 weeks post-randomization.
The adverse events based on the vital signs, medical examinations, and other blood test results were assessed at every visit. The causal relationships between adverse events and intervention, and the severity of the intervention-related adverse events, such as pain, bleeding, hematoma, or bruise, were evaluated. All the outcome values were registered on the electronic case report form (eCRF), which was designed by the Korea Institute of Oriental Medicine (KIOM) and only accessible to the blinded researchers.
Statistical Analysis
Statistical analyses were performed using SAS ® version 9.4 (SAS Institute. Inc., Cary, NC) by a statistician who was blinded to the participant's allocation. The data corresponding to the full analysis set (FAS), which includes participants who were treated with the assigned intervention and were subjected to outcome measurement once or more, were analyzed. The independent t-test or Wilcoxon signed-rank test for continuous variables and the chisquared or Fisher's exact test for categorical variables were used to examine the potential differences in the baseline demographics and medical history variables between the two groups. The analysis of covariance (ANCOVA) was used to compare the mean changes in the VAS, RMDQ, MMST, and EQ-5D from the baseline to the 4th
week. The paired t-test or Wilcoxon signed-rank test was used to compare the outcomes before and after treatment within each group. The repeated measures analysis of variance (RM ANOVA) was used to assess the differences between the two groups over time. A value of p < 0.05 was considered statistically significant.
Results
Between March 2018 and December 2018, a total of 158 participants were screened for eligibility. In total, 12 of them were considered ineligible to participate in the study and dropped out because they did not meet the eligibility criteria. Of the 146 eligible patients, 140 completed the study while the remaining 6 (4.11%), comprising 3 in each group, dropped out ( Figure 2 ). No significant differences between the groups were found in the demographic characteristics, clinical features, or outcome variables at baseline ( Table 1) .
The observed mean VAS scores showed a 4-week reduction from the baseline value of 18.67 points for the acupotomy group compared with 8.13 points for the manual acupuncture group. The adjusted mean difference in the VAS scores between the two groups at week 4 was −11.13 (95% confidence interval [CI]: −17.49 to −4.77), and the acupotomy group was confirmed to show significantly improved VAS scores compared with the manual acupuncture group (p < 0.001) ( Table 2 ). The mean difference between the two groups at week 6 was −8.45 (95% confidence interval [CI]: −14.94 to −1.95; p<0.05), which was slightly lower than the value at week 4. In the repeated measures ANOVA, the VAS scores that did not meet the assumptions of the sphericity test were then analyzed using a Greenhouse-Geisser epsilon analysis and showed a significant group × time interaction effect (p < 0.05) (Figure 3 ). In this study, rescue medication was given for back and/or leg pain is so severe that it is unbearable. There was no significant difference between the two groups in the dose and frequency of rescue medication (Table 3 ). In a post hoc analysis with adjustments for the baseline score and the rescue medication use, significant differences in the VAS scores between the groups were noted at every visit. In RMDQ, the acupotomy group showed significant improvement compared with the manual acupuncture group at weeks 2 and 6. In MMST, the acupotomy group also showed significant improvement compared with the manual acupuncture group at weeks 2, 4, and 6. However, no significant differences between the two groups were found in the EQ-5D (Table 2) . Significant group × time interaction effects were also found for the following outcome: RMDQ (p = 0.0031) and MMST (p = 0.0128) (Figure 3) . At week 4, in the within-group analyses before and after the intervention, the acupotomy group showed significant improvement in VAS, RMDQ, MMST, and EQ-5D, while the manual acupuncture group showed significant improvement in VAS, RMDQ, and EQ-5D. The proportions of patients with decreased VAS scores of more than 15 mm (minimal CID), were significantly higher in the acupotomy group than in the manual acupuncture group at weeks 2 and 4; additionally, the moderate CID/substantial improvements were higher in the acupotomy group than in the manual acupuncture group at weeks 2, 4, and 6 ( Figure 4) . In PGIC, a statistically significant higher number of patients in the acupotomy group than in the manual acupuncture group reported their global impressions of change as: "very much improved", "much improved", or "minimally improved" at week 4 ( Figure 5 ). Among 429 visitations of the acupotomy group, 14 mild adverse events were reported, and there was no severe adverse event (SAE). Furthermore, among 426 visitations of the manual acupuncture group, 13 mild adverse events were reported, and 1 SAE which was not related to the intervention of this study, was reported. Post-intervention muscle pain was the most common discomfort. However, other adverse events not related to the intervention included: abnormal findings on the blood test, common cold, other musculoskeletal pain, itching, ophthalmitis, and hematoma. Additionally, there was one case of SAE; but, the subject sustained a contusion on the Rt. Lisfranc joint during regular daily activity. The patient was subsequently hospitalized for surgery and stopped participating in the study. Hence, no SAEs related to the intervention were observed (Table 4 ).
Discussion
The adjusted mean differences in VAS and MMST scores between the two groups were significantly different at weeks 2, 4, and 6. Acupotomy treatment particularly showed the greatest improvement in pain relief and lumbar range of motion (ROM) at week 4 compared with manual acupuncture treatment. Additionally, the proportion of subjects with pain reductions of ≥30% and ≥50% was significantly higher in the acupotomy group. At weeks 2 and 6, the degree of functional disability due to LDH significantly improved in the acupotomy group than in the manual acupuncture group. The quality of life (QOL) was also significantly improved in each group; however, there was no significant difference between the two groups. Although mild adverse events were reported in both groups, all of them were temporary; with regard to the interventions, no SAEs occurred. Acupotomy is one of the ancient types of acupuncture that has been developed as modern acupotomy by professor Hanzhang Zhu in China. 35 This new type of acupuncture combines the use of a flat blade with conventional acupuncture and can be applied to anatomical structural defects as well as existing acupoints. Since acupotomy treatment involves the process of adhesiolysis by the sharp blade, it could also promote blood circulation and healing responses at the site. Thus, treating the affected region of LDH with acupotomy is considered to reduce the physical pressure on the nerve roots and activate the microcirculation, consequently improving low back pain and/or leg pain. 36 Inoue et al implemented a clinical trial to evaluate the effectiveness of electroacupuncture treatment on low back pain and lower limb symptoms. 37 They carried out electroacupuncture stimulation of the nerve root under an X-ray fluoroscope; this resulted in immediate relief, which was sustained until follow-up at the 3 months time point in two of the three patients diagnosed with LDH. This electroacupuncture stimulation and the acupotomy treatment used in our study have a common feature, that is, they stimulate the tissues around the affected nerve root despite using a different stimulation method. However, it is difficult to compare the two treatment methods because the study carried out by Inoue et al involved very few cases.
In the pilot study 21 that was previously conducted by our study group, the participants were followed-up to week 4 after a 2-week intervention. Significant differences in the improvement of functional disability and pain relief between the acupotomy group and the manual acupuncture group were observed. However, in this confirmatory study, followup was performed up to week 6, and pain reduction and ROM improvement were most noticeable at week 4. At week 6, the mean difference between the two groups decreased slightly compared to week 4, but there was still a significant difference. Therefore, it was confirmed that the better improvement in the acupotomy group was maintained until week 6. Note: There was no significant difference in the incidence between the two groups (p = 0.8595, Chi-square test) (p = 0.9999, Fisher exact test). Additionally, the degree of functional disability showed a significant difference between the groups at week 2 and week 6; the significant group × time interaction effects were also noteworthy. In addition, rescue medication was provided for back and/or leg pain that is so severe that it is unbearable. The dose and frequency of rescue medication in both groups gradually decreased after the intervention period, and there was no significant difference in dose and frequency of rescue medication between the two groups. From the results of this study, we can conclude that despite some post-treatment discomforts, acupotomy treatment can be considered as a preferential treatment method over manual acupuncture. Nevertheless, this study has several limitations. First, the follow-up period of 4 weeks post-intervention was not enough to confirm the long-term effects of acupotomy. Second, neither the participants nor practitioners were blinded, which could act as a potential bias, such as the expectation by the subject and the reliability of the assigned intervention. However, despite these methodological limitations, this study provides an objective and clinically beneficial outcome for comparing the effects of the two different acupuncture treatments. In the future, it is necessary to perform large-scale, long-term follow-up clinical trials comparing other conservative interventions with acupotomy; furthermore, studies evaluating the synergistic effects of other treatments with acupotomy treatment are also required.
Conclusions
The improvement in the pain intensity and ROM of the lumbar region observed in patients with LDH after four sessions of acupotomy treatment was higher than that observed after manual acupuncture. Based on the CID and PGIC, the differences in pain intensity between the two groups were clinically relevant. Acupotomy treatment was also confirmed to be as safe as conventional acupuncture. Therefore, acupotomy treatment can be considered as a valuable treatment option for the patients with LDH.
